Introduction: Teneligliptin is a novel oral dipeptidyl peptidase-4 inhibitor for the treatment of type 2 diabetes mellitus (T2DM). Safety and efficacy of teneligliptin have been demonstrated in clinical studies; however, data
supporting its use in patients with moderate or severe renal impairment are limited. This interim analysis of a post-marketing surveillance of teneligliptin, exploRing the long-term efficacy and safety included cardiovascUlar events in patients with type 2 diaBetes treated bY teneligliptin in the real-world (RUBY), aims to verify the long-term safety and efficacy of teneligliptin in Japanese patients with T2DM and impaired renal function. Methods: For this analysis, we used the data from case report forms of the RUBY surveillance between May 2013 and June 2017. The patients were classified into G1-G5 stages of chronic kidney disease according to estimated glomerular filtration rate (eGFR) at initiation of teneligliptin treatment. Safety and efficacy were evaluated in these subgroups. Patients on dialysis were also assessed. Safety was assessed from adverse drug reactions (ADRs). Glycemic control was evaluated up to 2 years after teneligliptin initiation. Results: A total of 11,677 patients were enrolled in the surveillance and 11,425 patient casereport forms were collected for the interim analysis. The incidence of ADRs in each subgroup was 2.98-6.98% of patients, with no differences in the ADR profile (including hypoglycemia and renal function ADRs) between subgroups. At 1 and 2 years after starting teneligliptin, the least-squares mean change in HbA1c adjusted to the baseline was -0.68 to -0.85% and -0.71 to -0.85% across
INTRODUCTION
Type 2 diabetes mellitus (T2DM) is predicted to be a large increasing global health problem in the coming decades [1] . A recent report from the National Health and Nutrition survey estimated that in Japan in 2016, there were 10 million adults who were highly suspected to have diabetes, and a further 10 million who would possibly develop diabetes [2] .
In order to reduce the risk of diabetic complications, guidelines for the management of diabetes set goals for glycemic control [3] [4] [5] . People with diabetes are at high risk of developing chronic kidney disease (CKD) as a result of microvascular damage caused by poor glycemic control and/or other comorbidities including hypertension and age-related nephron loss [6, 7] . Diabetic nephropathy is the most frequent primary reason that patients require dialysis in Japan [8] . Patients with T2DM and renal impairment have a high risk of developing hypoglycemia due to reduced insulin clearance and impaired renal gluconeogenesis, amongst other reasons [9] . In addition, the reduction in glomerular filtration rate (GFR) that occurs with the progression of CKD limits the therapeutic options available for achieving optimal glycemic control, because the exposure of some antidiabetic agents that are eliminated via the renal route may be increased in these patients due to reduced urinary excretion [10] . Consequently, some antidiabetic agents are contraindicated or require significant dose reductions in advanced CKD [11] .
Dipeptidyl peptidase-4 (DPP-4) inhibitors are a relatively new class of antidiabetic agents. These agents enhance glucose-dependent insulin secretion from pancreatic b-cells by inhibiting DPP-4-mediated degradation of endogenously released incretin hormones such as glucagon-like peptide-1 (GLP-1) [12] . Importantly, they present a low risk for hypoglycemia [12] . Emerging evidence suggests that DPP-4 inhibitors may have pleiotropic effects beyond improving glycemic control, including renal and cardiovascular protection [13] [14] [15] .
Teneligliptin, a DPP-4 inhibitor, has been prescribed in Japan for the treatment of T2DM at a standard dose of 20 mg once daily since 2012 [16] . Twice the standard dose (40 mg once daily) can be used if 20 mg/day is insufficient to achieve glycemic control [17] . Teneligliptin can be administered to T2DM patients with renal impairment, including patients on dialysis, without the need for dose reduction [18, 19] . In South Korea, teneligliptin has been prescribed since 2014 [20] .
The safety and efficacy of teneligliptin in Japanese patients with T2DM has been demonstrated when used as either a monotherapy [21] [22] [23] or in combination with pioglitazone, metformin, glimepiride, insulin, canagliflozin, glinide, or an alpha-glucosidase inhibitor in clinical trials for up to 52 weeks [23] [24] [25] [26] [27] .
To date, however, clinical trials of teneligliptin in Japanese patients have only included a limited number of patients with moderate or severe renal impairment [23] . Consequently, there is insufficient information concerning the safety and efficacy of teneligliptin in this patient population. To help address this, a postmarketing surveillance (PMS) of teneligliptin, exploRing the long-term efficacy and safety included cardiovascUlar events in patients with type 2 diaBetes treated bY teneligliptin in the real-world (RUBY), has been ongoing under clinical practice settings in [ 10,000 Japanese patients with T2DM since May 2013 [28] .
In this interim analysis, we evaluated the long-term safety and efficacy of teneligliptin in a subgroup of T2DM patients with renal impairment using case report forms (CRFs) collected from the RUBY surveillance during the period of May 2013 to June 2017.
METHODS

RUBY Post-marketing Surveillance Design: Patients and Procedures
Japanese patients with T2DM who were starting treatment with teneligliptin and could be observed long term were included in the ongoing RUBY surveillance (JapicCTI-153047) [28] . The decision to start treatment with teneligliptin was made by physicians in line with the approved label. Teneligliptin was administered once daily; the dose administered and any dose adjustments were decided by the prescribing physician according to the prescribing information.
Surveillance began in May 2013. Patients were enrolled between May 2013 and February 2015 via a central registration system, and will be observed for up to 3 years.
An online electronic data capture system was used to gather the patient data. Participating physicians recorded patient demography and baseline characteristics before teneligliptin was initiated, and completed follow-up CRFs for all enrolled patients taking teneligliptin for up to 3 years. Data in CRFs included information on pretreatment and concurrent drugs, response to teneligliptin treatment in terms of glycemic control, and adverse events (AEs).
The protocol for RUBY surveillance was approved by the Ministry of Health, Labour and Welfare of the Japanese Government. The RUBY surveillance was performed by Mitsubishi Tanabe Pharma Corporation, in accordance with the Japanese ministry directive on good postmarketing study practice (GPSP).
Interim Analysis of the Subgroup of Patients with T2DM and Renal Impairment
For this analysis, the data from CRFs collected between May 2013 and June 2017 were used. Estimated GFR (eGFR) was calculated from age, gender, and serum creatinine values recorded in the CRFs. eGFRs were not calculated for patients with missing serum creatinine values.
Patients with baseline renal function data were divided into those receiving and those not receiving dialysis at the initiation of teneligliptin treatment. Non-dialysis patients with measurable eGFR at the initiation of teneligliptin treatment were classified as follows according to renal function using CKD staging [29] 2 ). The safety and efficacy of teneligliptin was investigated in each subgroup of patients. Safety was assessed from adverse drug reactions (ADRs) reported throughout the surveillance period. ADRs were defined as AEs for which a causal relationship with teneligliptin could not be ruled out or was unknown. The type and severity of each ADR and its relationship to teneligliptin was reported by the physician at each site. Serious hypoglycemia was defined as a blood glucose level of B 50 mg/dL or as judged by the physician.
Efficacy was assessed in terms of glycemic control as measured by the change over time in glycated hemoglobin (HbA1c; for non-dialysis patients), and glycated albumin (GA; for dialysis patients). Measurements of HbA1c and GA were made at 0, 3, 6, 12, 18, and 24 months after the initiation of teneligliptin treatment. The laboratory analyses were conducted using routine clinical assays in the institution participating in the surveillance.
Data Analysis
Continuous data were summarized based on the number of patients (n), mean, and standard deviation (SD), and discrete data were summarized based on the n and percentage values for each category. Least squares (LS) means and standard errors were calculated, with the baseline as a covariate, to measure the change in HbA1c over time; one-sample t-tests were used to determine if the difference between the HbA1c values before and after teneligliptin administration was statistically significant. Laboratory data were counted only for patients who had data both at baseline and after the administration of teneligliptin. Chi-square tests were performed to assess differences in ADR frequency between the eGFR categories. In addition, in order to assess the difference between the G2-G5 subgroups and G1, the 95% confidence interval (CI) of the risk ratio for ADRs in the eGFR subgroups was used. Statistical tests were two-sided with a 5% significance level, and two-sided 95% CIs were calculated. Statistical analysis was performed using SAS version 9.1.3 and above (SAS Institute Inc., Cary, NC, USA).
ADRs were categorized according to the Medical Dictionary for Regulatory Activities, Japanese version 20.0 (Pharmaceutical and Medical Device Regulatory Science Society of Japan, Tokyo, Japan). ADRs of special interest (previously associated with diabetes, antihyperglycemic agents, or DPP-4 inhibitors) were defined as those related to hypoglycemia, skin and subcutaneous tissue disorders, gastrointestinal disorders, hepatic disorders, renal disorders, cardiovascular events, and tumor.
RESULTS
Patients
In total, 11,677 patients were enrolled into the RUBY surveillance from 1755 institutions, and 11,425 patient case report forms were collected for the interim analysis. As of June 28, 2017, the proportion of patients who had withdrawn from the surveillance was 26.9%; similar proportions of patients had withdrawn across the subgroups (G1-G5 and dialysis). Of the 10,532 patients included in the safety analysis set, evaluable CRFs collected by June 28, 2017 were available for 9234 non-dialysis patients with calculable eGFR and 152 patients receiving dialysis at the start of teneligliptin treatment (see S1 in the Electronic supplementary material, ESM).
Of the 9234 patients with calculable eGFR, most had mild impairment (G2: 53.4%); 21.5% had normal/high renal function (G1), 16 .2% had mild to moderate impairment (G3a), 6.0% had moderate to severe impairment (G3b), 2.3% had severe impairment (G4), and 0.6% had kidney failure (G5).
Patient background characteristics and concurrent medications for T2DM, hypertension, and dyslipidemia in each subgroup are shown in Table 1 . Patients with severe renal impairment and those on dialysis had a longer duration of T2DM; a greater proportion of those patients also had diabetic complications (G4: 74.9%; G5: 70.0%; dialysis patients: 92.8%) compared with those with normal/high renal function or mild renal impairment (G1: 19.4%; G2: 21.5%). A greater proportion of those with severe renal impairment and those on dialysis had heart disease, including myocardial infarction, angina pectoris, or heart failure (G4: 40.5%; G5: 33.3%; dialysis patients: 46.1%) and hypertension (G4: 91.2%; G5: 88.3%; dialysis patients: 89.5%) as an underlying complication compared with patients with normal/high renal function and mild renal impairment (G1: 7.8% and 50.9%; G2: 15.4% and 61.5%, respectively).
Teneligliptin was prescribed as monotherapy for T2DM in 40.0-53.3% of patients across the subgroups with measurable eGFR and 53.9% of dialysis patients during the surveillance period. The remaining 46.1-60.0% of patients were prescribed teneligliptin therapy in combination with other antidiabetic drugs ( Table 1) . The mean starting daily doses of teneligliptin were 20.1-20.2 mg in all eGFR subgroups and 20.3 mg in dialysis patients (Table 1) . Mean daily dosages during the surveillance period were 20.3-20.7 mg/day in eGFR subgroups and 21.3 mg/day in dialysis patients (Table 1) . The incidences of all ADRs and special interest ADRs are shown in Table 2 . Greater ADR incidence were observed in the G4 and G5 groups (15 of 215 patients (6.98%) and 4 of 60 patients (6.67%) respectively), compared with 59 of 1982 patients in the G1 group (2.98%). Of the ADRs reported in the 19 patients in the G4 and G5 subgroups, those occurring in 6 patients were considered to be possibly related to teneligliptin, while the causal relationship between teneligliptin and the ADRs in 13 patients was assessed as unknown, and 15 of 30 events in the 19 patients were also attributed to other causes (e.g., comorbidity or concomitant agent) by the prescribing physician. A higher incidence of serious ADRs occurred in the G4 and G5 groups There were no significant differences in the incidence of each special interest ADR across the groups, including hypoglycemia, skin and subcutaneous tissue disorders, gastrointestinal disorders, hepatic disorders, renal-impairmentrelated ADRs, cardiovascular events, and tumor (Table 2) . Five patients presenting the more advanced stages of renal impairment (G4/ G5/dialysis groups) experienced a hypoglycemic episode: 1 patient each experienced non-serious and serious hypoglycemia in the G4 group, 1 patient had a non-serious hypoglycemic episode in the G5 group, and 2 patients had a nonserious hypoglycemic episode in the dialysis group. All of these patients were administered concomitant medication for T2DM (4 patients were using insulin and/or sulfonylureas and 1 was administered a glinide). Renal-impairmentrelated ADRs in the G4 group included hematuria (n =1), renal impairment (n =1), and increased blood creatinine (n =1); the physician reported that the causal relationship of each of these events with teneligliptin was unknown, and 2 of those ADRs were also attributed to other causes (diabetic nephropathy comorbidity Data are mean (SD) unless otherwise stated a-GI a-Glucosidase inhibitor, BMI body mass index, eGFR estimated glomerular filtration rate, HbA1c glycated hemoglobin, SD standard deviation, SGLT2 sodium-glucose cotransporter-2, T2DM type 2 diabetes mellitus a Includes diabetic nephropathy Data are numbers of patients (%) a Difference between eGFR subgroups is statistically significant according to chi-square test, and the lower end of the 95% CI for the incidence rate for the subgroup is 1 or more b Renal impairment cannot be evaluated in patients on dialysis ADR adverse drug reaction, CI confidence interval, eGFR estimated glomerular filtration rate, GI gastrointestinal, SST Skin and subcutaneous tissue and dehydration). Cardiovascular-related ADRs were reported in 13 patients (10 were serious); no cardiovascular-related ADRs were reported in the G4, G5, and dialysis groups (Table 2) . Cardiovascular AEs, including those not related to teneligliptin, were reported in 68 patients (G1, n = 4; G2, n = 31; G3a, n = 12; G3b, n = 11; G4, n = 4; G5, n = 2; and dialysis, n = 4). Tumor ADRs were reported in 19 patients; the relationship between all tumor ADRs and teneligliptin was unknown according to physician reports. Tumor AEs, including those with no relationship to teneligliptin, were reported in 87 patients (G1: n = 11; G2: n = 38; G3a: n = 20; G3b: n = 6; G4: n = 6; G5: n = 1; and dialysis: n = 5). ADRs that were reported in at least five patients and serious ADRs reported in at least two patients across all subgroups are listed by preferred term in S2 of the ESM. The safety profile did not differ markedly among the subgroups. In the G4 and G5 subgroups, 2 and 9 patients, respectively, started dialysis during the period of evaluation; this was reported as an ADR in one patient in the G5 group, although the causal relationship with teneligliptin was unknown according to the reporting physician.
The eGFR profiles over time for the eGFR subgroups are shown in Fig. 1 . Renal function remained relatively stable over 2 years in all subgroups.
Efficacy
Levels of HbA1c in the eGFR subgroups of nondialysis patients and the change over 2 years after starting treatment with teneligliptin are shown in Fig. 2 . At baseline, HbA1c levels were highest in patients with normal/high renal function (G1: 8.50%) and lowest in patients with kidney failure (G5: 7.04%) (Fig. 2a) . There was a significant reduction in HbA1c levels observed over 2 years in G1, G2, G3a, G3b, and G4 patients (p \ 0.01) (Fig. 2a) ; G1: -1.25 ± 1.7%; G2: -0.67 ± 1.25%; G3a: -0.51 ± 1.17%; G3b: -0.37 ± 1.12%; G4: Fig. 1 Mean eGFR over time in patients with type 2 diabetes and varying levels of renal impairment (eGFR G1-G5), excluding dialysis patients. Data are presented as the mean ± SD. Datapoints are offset to aid clarity. eGFR estimated glomerular filtration rate, SD standard deviation -0.54 ± 1.13% at 2 years (all p \ 0.001). HbA1c levels decreased or tended to decrease in G5 patients, although the reduction in HbA1c levels was not significant at 2 years of treatment (-0.53 ± 1.25%, p = 0.074), which may be due to the low baseline score and the limited number of patients. In order to adjust for differences in baseline HbA1c, the least squares mean of Fig. 2 Mean HbA1c over time (a) and LS mean change in HbA1c over time (b, adjusted for baseline HbA1c) in patients with type 2 diabetes and varying levels of renal impairment (eGFR G1-G5). Data are presented as the mean ± SD in a and the LS mean ± SE in b. *p \ 0.05; **p \ 0.01; ***p \ 0.001 versus baseline (month 0). Datapoints are offset to aid clarity. eGFR estimated glomerular filtration rate, HbA1c glycated hemoglobin, LS least squares, SD standard deviation, SE standard error HbA1c change was calculated for each eGFR subgroup (Fig. 2b) . Following adjustment, HbA1c levels declined in all groups after the initiation of teneligliptin. There were no significant differences between eGFR subgroups in the reduction of HbA1c levels at 1 and 2 years after starting teneligliptin; HbA1c levels were reduced by 0.68-0.85% and 0.71-0.85%, respectively.
The mean GA level in patients receiving dialysis is illustrated in Fig. 3 ; the mean change in GA level after the initiation of teneligliptin was -2.29% (p \ 0.001) at 1 year and -1.64% at 2 years (p = 0.064); this finding is limited by the number of patients available for analysis after 2 years of teneligliptin treatment (n = 45).
DISCUSSION
The aim of this interim analysis was to evaluate the long-term safety and efficacy of teneligliptin in patients with T2DM and reduced renal function. In this analysis, we documented ADR incidences ranging from 2.98% to 6.98% across patients with each stage of renal impairment, and no clear differences in the ADR profiles at the different stages of impairment were observed. The well-tolerated profile highlighted by this post-marketing surveillance is supported by a previous study exploring teneligliptin in patients with end-stage renal disease [30] . Additionally, we showed that during 2 years of treatment with teneligliptin, glycemic control improved in all subgroups of patients, from those with normal or high levels of renal function to those with end-stage renal disease, including patients on dialysis.
Although all DPP-4 inhibitors have a common mechanism of action, these agents show significant structural heterogeneity, which dictate their differing pharmacokinetic and pharmacological properties [31] . One of the key differentiators is the route of elimination; some DPP-4 inhibitors are largely eliminated via the renal route (ranging from 75% to 87%) [32] . The renal clearance of teneligliptin is approximately 36% [31] . Consequently, dose adjustments are required for patients with moderate or severe renal impairment with most DPP-4 inhibitors, except for linagliptin and teneligliptin [31, 32] . In this interim analysis, the majority of patients received 20 mg/day of teneligliptin for an average duration ranging from 534 days to 617 days across the subgroups.
Generally, patients with renal impairment are at greater risk of AEs [33] . The onset of AEs or renal-related AEs has been shown to increase with the reduction in eGFR in placebo-treated patients with T2DM [34, 35] . In the present surveillance, there was generally a higher prevalence of comorbidities other than diabetes (e.g., cardiovascular-related comorbidities such as hypertension) in patients with greater impairment of renal function compared to those with less impaired renal function at baseline. This could, in part, explain the higher incidence of ADRs and serious ADRs reported in G4 and G5 patients in our study. Indeed, a causal relationship with teneligliptin for most ADRs could not be determined by the prescribing physicians. Additionally, there were limitations of this interim analysis, including the different numbers of patients in the subgroups, the limited number of patients in the G5 group in particular, and no matched control group for each stage of renal impairment. For these reasons, we cannot confidently confirm a greater ADR risk for teneligliptin in the G4 and G5 patients based on results from this interim analysis. Instead, this analysis supports the need for further investigation of the ADR risk among patients with advanced renal impairment.
In this surveillance, there was no clear variation in the profile of ADRs, including hypoglycemia, according to the stage of renal impairment. Patients with diabetes who have impaired renal function are susceptible to developing hypoglycemia due to multiple factors, including reduced insulin clearance and impaired renal gluconeogenesis [9] . In this interim analysis, hypoglycemic episodes were reported in 5 patients presenting the more advanced stages of renal impairment (G4/ G5/dialysis groups). The majority of these patients were utilizing insulin and sulfonylurea concomitantly-a treatment regimen associated with increased hypoglycemic risk [36] . Therefore, careful management is required to avoid hypoglycemic episodes when combining teneligliptin with the aforementioned regimen in T2DM patients with renal impairment.
In our study, the reduction in HbA1c levels ranged between 0.71% and 0.85% (baselineHbA1c-adjusted least-squares mean) after 2 years of treatment in all eGFR subgroups. Improvements in HbA1c observed across the subgroups in our surveillance were similar to those seen in other studies investigating the efficacy of DPP-4 inhibitors in T2DM patients with renal impairment (reduction in HbA1c 0.4-0.7%) [37, 38] . Teneligliptin significantly improved glycemic control in patients with T2DM on dialysis [30, 39] . Furthermore, teneligliptin was found to reduce insulin dose requirements in dialysis patients [40] . Patients on dialysis often show lower values for HbA1c that do not reflect actual blood glucose control [41] . In this study, we used GA as an indicator of blood glucose control for patients on dialysis. According to the Best Practice for Diabetic Patients on Hemodialysis 2012 by the Japanese Society for Dialysis Therapy [41] , tentative glucose control targets in patients with diabetes on dialysis are GA levels of \ 20% in patients without a cardiovascular event history and \ 24% in patients with a cardiovascular event history. In this interim analysis, GA levels in dialysis patients decreased from 23.74% to 21.34% after 1 year and 21.45% after 2 years of teneligliptin treatment. However, further analysis is required, as fewer CRF forms were collected from patients on dialysis than from those in other groups.
Although the data reported here were not generated in a controlled setting as part of a clinical trial, the post-marketing surveillance data provide important insights into teneligliptin use in routine practice and the type of ADRs that might occur among Japanese patients with renal impairment. A potential limitation of the present analysis is that the data collected after the administration of teneligliptin include that relating to cases in which other concurrent drugs may have been added or altered. This is in addition to some of the typical limitations of a post-marketing survellance design, which include having incomplete data, possible reporting biases, no matched control group, and limitations in the generalizability of the findings.
CONCLUSION
In summary, the present interim analysis of teneligliptin after long-term treatment showed that the ADR profiles of patients with different stages of renal impairment were similar. Teneligliptin was also associated with improvements in glycemic control in T2DM patients with renal impairment.
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